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Summary

One- and two-dose recombinant porcine
circovirus type 2 (PCV2) vaccines did not
differ significantly in terms of immuno-
logical testing (neutralizing antibody titers,
number of interferon-y-secreting cells), viro-
logical testing (number of PCV2 genomic
copies per mL serum), and pathological evi-
dence of infection (lymphoid lesions scores
and PCV?2 antigen-positive cells).
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Resumen - Comparacion de las vacunas
comerciales de subunidades de una dosis y
dos dosis contra circovirus porcino tipo 2
expresado en baculovirus

Las vacunas de una y dos dosis del circovi-
rus porcino tipo 2 recombinante (PCV2
por sus siglas en inglés) no difirieron
significativamente en términos de pruebas
inmunoldgicas (titulos de anticuerpos neu-
tralizantes, niimero de células secretoras de
interferén-y), pruebas viroldgicas (nimero
de copias gendmicas del PCV2 por mL de
suero), y evidencia patolégica de infeccién
(puntajes de lesiones linfoides y células posi-
tivas al antigeno de PCV2).

Résumé - Comparaison de vaccins
sous-unitaires commerciaux une-dose et
deux-doses contre le circovirus de type 2
exprimé dans un baculovirus

Des vaccins recombinants une- et deux-
doses contre le circovirus porcin de type 2
(PCV2) ne différaient pas significativement
en terme de réponse immunologique (titres
dlanticorps neutralisant, nombre de cel-
lules secrétant de l'interféron-y), d’analyses
virologiques (nombre de copies du génome
de PCV2 par mL de sérum), et d'¢vidence
pathologique de l'infection (pointage des
lésions lymphoides et cellules positives pour
lantigene PCV2).

orcine circovirus type 2 (PCV2) isa
P small, non-enveloped, single-stranded

DNA virus in the genus Circovirus
within the family Circoviridae." It has been
incriminated as a major causative agent
of postweaning multisystemic wasting
syndrome (PMWS), which is known as
PCV2-associated diseases (PCVAD);23
PCVAD is considered to be an economically
important global issue. Most Korean swine
farms (95.5%) use a PCV2 vaccine for con-
trol of PCVAD because the vaccine is highly

efficacious.

Currently, five commercial PCV?2 vaccines
are available in Korea.> These include three
subunit vaccines that are based on the
capsid protein expressed in a baculovirus
system, and two inactivated vaccines based

on PCV2 or on chimeric PCV1-2.4¢ The
baculovirus-expressed subunit vaccines,
requiring one- or two-dose administration,
are most commonly used in Korean herds.>
Among them, Porcilis PCV (one dose; MSD
Animal Health, Summit, New Jersey) and
Circumvent PCV (two doses; MSD Animal
Health) are different preparations of the
same core amtigcn.4 Both vaccines are avail-
able in Korea, but in other countries, only
one or the other is available.4 For example,
Circumvent PCV alone is available in North
America, while Porcilis PCV alone is avail-
able in Europe.4

Under field conditions, some swine producers
prefer a one-dose PCV2 vaccine because of
less labor and stress to animals, while others
prefer a two-dose vaccine that generates an
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immunological booster response. To the
knowledge of the authors, there are no
reports comparing commercial one- and
two-dose recombinant PCV2 vaccines hav-
ing the same core PCV2 antigen. Hence, the
objective of this study was to compare the
immune response, virus levels, and lesions

in pigs vaccinated with one- and two-dose
PCV2 subunit vaccines.

Materials and methods

All animal protocols were approved by the
Seoul National University Institutional Ani-
mal Care and Use Committee.

Thirty colostrum-fed, cross-bred, conven-
tional piglets were purchased at 14 days

of age from a commercial farm. At arrival,
all piglets were negative for porcine repro-
ductive and respiratory syndrome virus
(PRRSV) and Mycoplasma hyopneumoniae
when tested with the PRRS X3 Ab test
(Idexx Laboratories Inc, Westbrook, Maine)
and the Idexx M. hyo. Ab test (Idexx Labo-
ratories, Inc), respectively. All piglets were
negative for PCV2 viremia when tested

by real-time polymerase chain reaction
(PCR), and all were seronegative against
PCV2 when blood samples collected when
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the pigs were 3 weeks old and again on the
day of challenge were tested using a com-
mercial enzyme-linked immunosorbent

assay (ELISA; SERELISA PCV2 Ab Mono
Blocking, Synbiotics, Lyon, France).

A total of 30 piglets were randomly assigned

to six groups (five pigs per group) using the
random number generation function in Excel
(Microsoft Corporation, Redmond, Wash-
ington) (Table 1). Sample size was calculated
assuming a 90% power (1- # =.90) of detecting
adifference at the 5% level of signiﬁcance

(@ =.05).” The treatment timeline is shown

in Table 1. In Group 1 and Group 2 pigs, one
2.0-mL dose of Porcilis PCV was administered
intramuscularly (IM) at 3 weeks of age in the
right side of the neck. In Group 3 and Group 4
pigs, two 2-mL doses of Circumvent PCV were
administered IM at 3 and 6 weeks of age, one
on cach side of the neck. At 28 days post vac-
cination, each pigin Group 1 (49 days of age),
Group 3 (70 days of age), and Group 5

(70 days of age) was inoculated intra-

nasally with 2 mL of PCV2b (strain
SNUVR000463; 5t passage; 1.0 x 10
median tissue culture infectious doses

per mL). Group 5 pigs served as the positive
control group (challenged but not vaccinated).
Group 6 pigs were unchallenged and unvacci-
nated (no product administration) and served as
the negative control group. Groups were housed

in separate rooms within the facility. Blood
samples were collected at study days -28, 0 (day
of challenge), 7, 14, 21, and 42.

Extraction of DNA from serum samples
was performed using the QLTAamp DNA
Mini Kit (Qiagen Inc, Valencia, California).
The DNA extracts were used to quantify
PCV2 DNA copy numbers by real-time
PCR as previously described.® The number
of genomic copies of PCV2 genomic DNA
per mL of serum was transformed to logj
for analysis.

All pigs were euthanized for necropsy at
Day 42. Superficial inguinal lymph nodes
were collected for histopathology and
immunohistochemistry.

Serum samples were tested using a com-
mercial PCV2 ELISA IgG (Synbiotics) and
virus neutralization.” Serum samples were
considered positive for PCV2 IgG antibody
if the titer was greater than 350, according
to the manufacturer’s instructions. The
neutralizing antibody (NA) data were trans-
formed to log; for analysis. The numbers of
PCV2-specific interferon-y-secreting cells
(IFN-y-SCs) were determined in peripheral
blood mononuclear cells (PBMCs) as previ-
ously described.!® Whole PCV2b (the same
strain used for challenge) at a multiplicity
of infection of 0.01 was used as stimulant

of PBMCs. Phytohemagglutinin (10 pg per
mL; Roche Diagnostics GmbH, Mannheim,
Germany) and phosphate buffered saline
were used as a positive and negative control,
respectively.

For the morphometric analysis of his-
topathological lesion score and number

of PCV2-positive cells in lymph nodes,
three superficial inguinal lymph-node sec-
tions were examined blindly as previously
described.!"1? Lymphoid lesions were scored
on ascale from 0 to 3: 0, no lymphoid deple-
tion or granulomatous replacement; 1, mild
lymphoid depletion; 2, moderate lymphoid
depletion; and 3, severe lymphoid depletion
and histiocytic replacement.!! The number
of lymphoid PCV2 antigen-positive cells per
unit area (0.25 mm?) were counted using

an NIH Image ] 1.45s program (http://
imagej.nih.gov/ij/download.html).!?

Continuous data (PCV2 DNA, PCV2
serological results, PCV2-specific IFN-y-SCs,
and lymphoid PCV?2 antigen-positive cells)
were analyzed using a one-way analysis of
variance (ANOVA). If the ANOVA showed
asignificant effect, Tukey’s test for multiple
comparisons was performed at each time
point. Discrete data (lymphoid lesion score)
were analyzed by Fisher’s exact test. A value of
P < .05 was considered significant.

Table 1: Means (standard deviation) of lymphoid lesion score and numbers of lymphoid porcine circovirus type 2 (PCV2)
antigen-positive cells in pigs vaccinated with a one-dose or a two-dose PCV2 vaccine and challenged with PCV2*

Group T Vaccination Challenge Lymphoid lesion No. of.
3weeks 6weeks | 7weeks 10 weeks scoref PCV2* lymphoid cells+

1 Porcilis PCV 2mL None Yes No 0.8 (0.44)? 7.6 (4.22)2

2 Porcilis PCV 2mL None No No (0)b 0 (0)p

3 Circumvent PCV 2mlL 2mlL No Yes 0.6 (0.45)? 6.0 (5.29)2

4 CircumventPCV  2mL 2mL No No (0)b 0 (0)p

5 None NA NA No Yes 1.2 (0.54)? 18.0 (6.82)°

6 None NA NA No No (0 0 (0)°

*

Group 1 and 2 pigs were vaccinated with a one-dose PCV2 vaccine (Porcilis PCV; MSD Animal Health, Summit, New Jersey) at 3 weeks of

age, and Group 3 and 4 pigs were vaccinated with a two-dose PCV2 vaccine (Circumvent PCV; MSD Animal Health) at 3 and 6 weeks of
age. Group 1 pigs were inoculated with PCV2b strain SNUVR000463 at 7 weeks of age and Group 3 and Group 5 pigs were inoculated
with the same PCV2b strain at 10 weeks of age. For each group, n = 5 pigs.

+  Pigs in all six groups were euthanized for necropsy at 42 days post challenge. Superficial inguinal lymph nodes were collected for histopa-
thology and immunohistochemistry. Lymphoid lesion score ranged from 0 to 3: 0 = no lymphoid depletion or granulomatous replacement;
1 = mild lymphoid depletion; 2 = moderate lymphoid depletion; and 3 = severe lymphoid depletion and histiocytic replacement. Scores
were compared among groups using Fisher’s exact test.

+ The number of lymphoid PCV2 antigen-positive cells per unit area (0.25 mm?) was counted using an NIH Image J 1.45s program
(http://imagej.nih.gov/ij/download.html). Numbers of positive cells were compared among groups using Tukey's test.

abe \¥/ithin a column, different letters indicate a significant difference among groups (P < .05).
PCV2* = PCV2 antigen-positive; NA = not applicable.

292

Journal of Swine Health and Production — November and December 2014



Results

At Day 0, PCV2 DNA was not detected

in the serum of any pigs. In Group 1 and
Group 3 (vaccinated challenged animals),
the number of genomic copies of PCV2 in
serum was significantly lower (P < .05) on
days 7 to 42 than in the unvaccinated chal-
lenged animals in Group S. However, num-
ber of genomic copies of PCV2 in serum
did not differ between Group 1 (immunized
with one-dose PCV2 vaccine) and Group 3
(immunized with two-dose PCV2 vaccine)
(Figure 1). No PCV2 DNA was detected in
serum of pigs in groups 2, 4, and 6 through-
out the experiment.

In vaccinated animals (Group 1,2, 3, and 4),
anti-PCV2 IgG antibody titers and geometric
mean NA titers were significantly higher (2
<.05) on days 0 to 21 than in unvaccinated
challenged animals (Group 5) (Figure 2A
and 2B). In vaccinated animals (Group 1, 2,
3, and 4), numbers of PCV2-specific [FN-y-
SCs, were significantly higher (P < .05) than
in unvaccinated challenged animals (Group
5) at days 0 and 7 (Figure 2C). In animals
vaccinated with the two-dose PCV?2 vaccine
(Group 3 and 4), titers of anti-PCV2 IgG
antibodies were significantly higher (P <.05)
on Day 0 than in animals immunized with
the one-dose PCV2 vaccine (Group 1 and 2)
(Figure 2A). Anti-PCV2 IgG antibody titers,
geometric mean NA titers, and numbers

of PCV2-specific IFN-y-SCs did not dif-

fer on days 7 to 42 between the vaccinated
challenged animals in Group 1 (one-dose
vaccine) and Group 3 (two-dose vaccine) or
between the vaccinated unchallenged animals
in Group 2 (one-dose vaccine) and Group 4
(two-dose vaccine) (Figure 2). No anti-PCV2
IgG antibodies or PCV2-specific NA or IFN-
v-SCs were detected in Group 6, the negative
control animals.

The number of lymphoid PCV2 antigen-pos-
itive cells was significantly lower (P < .05) in
the vaccinated groups (Group 1,2, 3, and 4)
than in the positive control group (Group 5)
(Table 1). However, lymphoid lesion scores
and the number of lymphoid PCV2 antigen-
positive cells did not differ between one-dose
(Group 1) and ewo-dose (Group 3) vacci-
nated challenged animals.

Discussion

It is reasonable to determine the parameters
for PCV2 vaccine efficacy on the basis

of induction of protective immunity, the
number of copies of PCV2 genomic DNA
per mL of serum, and the presence of PCV2-
associated lesions and PCV2 antigen within

Figure 1: Means (with standard deviation) of the logo transformed number of
genomic copies of PCV2 DNA in serum of pigs in the study described in Table 1.
Different letters indicate significant differences among groups (P < .05: one-way
ANOVA).
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Figure 2A: Means (with standard deviation) for anti-PCV2-IgG antibody titers
in the study described in Table 1. Different letters indicate significant differences
among groups (P <.05; one-way ANOVA).
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Figure 2B: Log; transformed group means (with standard deviation) for neutraliz-
ing antibody (NA) titers. Treatments described in Table 1. Different letters indicate
significant differences among groups (P < .05; one-way ANOVA).

these lesions.* Induction by the vaccine of
protective immunity such as PCV2-specific
neutralizing antibody and IFN-y-SCs plays
a critical role in reducing the PCV2 load

in the blood.1314 Although differences

Group 1 Group 3 Group 5 , )
..... Croun 2 Group 4 in serological parameters were apparent
P P between two-dose and one-dose products
10 at the time of challenge, this did not result
ol in significant differences in PCV2 viremia
or PCV2-associated lesions after challenge.
3 | r These observations are further supported by
a astudy!® in which the reduction of PCV2
7 3 g DNA in the serum did not differ between
— pigs given a one-dose chimeric PCV1-2 vac-
20 61 cine (2 mL) and a two-dose vaccine (ie, the
< same one-dose product administered twice,
5
£ a 1 mL per dose).
-
<Z( 4 L2 In the current study, in pigs vaccinated with
3 /’ a cither the one- or two-dose product, the
W, number of copies of PCV2 genomic DNA
21 / per mL of serum was lower than the number
observed in the unvaccinated, unchallenged
11 group. However, mean lymphoid lesion
0 y Tb scores did not differ between vaccinated
‘ ‘ ‘ roups of pigs and the group that was not
28 0 7 14 21 4 FOPOPE grotp

Days post challenge

challenged. These data suggest that PCV2-
associated microscopic lesions were not
prominent in the present study, as the pigs

Figure 2C: Mean numbers (with standard deviation) of PCV2-specific interferon-
y-secreting cells (IFN-y-SCs) in peripheral blood mononuclear cells (PBMCs).
Treatments described in Table 1. Different letters indicate significant differences

among groups (P < .05; one-way ANOVA).

were challenged with PCV?2 alone. Co-
infections may be necessary and crucial for
the full development of typical pathological
lesions related to PCVAD.!5:16

Single-dose PCV2 vaccines are more popular

Group 1 Group 3 Group 5 because less labor is required of the workers
----- Group 2 Group 4 and there is less stress to the animals. Swine
100 producers are more likely to be compliant
with a one-dose vaccine than with a two-dose
90 | regimen. Compliance cannot be moni-
80 | tored as easily with one-dose baculovirus-
expressed PCV2 vaccines because there is
Y 70 | no reliable baculovirus antibody ELISA
g 3 test.17:18 Although the small number of ani-
a 60 a mals tested is a limitation of this study, there
0‘9 50 . is no serological evidence that it makes any
8 difference whether one or two doses of PCV2
v 40 | vaccine are administered. These results will
; greatly facilitate swine practitioners in provid-
& 30 b ing information to producers on whether to
20 | b use a one-dose or two-dose PCV?2 vaccine.
10 | Implications
0 o Under the conditions of this study,
8 0 7 14 1 4 it makes no difference to protection

Days post challenge

whether a one-dose or two-dose PCV2
vaccine is used.

o Usinga one-dose instead of a two-dose
PCV?2 vaccine creates less stress for
both the pigs and animal-care workers.
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